Abstract. LHCb is a dedicated flavour physics experiment at the LHC searching for physics beyond the Standard Model through precision measurements of CP-violating observables and the study of very rare decays of beauty-and charm-flavoured hadrons. In this article a selection of recent LHCb results is presented. Unless otherwise stated, the results are based on an integrated luminosity of 1 fb −1 accumulated during the year 2011 at √ s = 7 TeV.
Introduction
The LHCb detector has been taking data with high efficiency during the first three years of LHC operation, producing a wealth of exciting physics results, which have made an impact on the flavour physics landscape and proved the concept of a dedicated heavy flavour experiment in the forward region of a hadron collider. Details about the LHCb performance during this time are summarized in a separate contribution [1] .
The LHC is an intense source of b hadrons. The bb cross-section in proton-proton collisions at √ s = 7 TeV is about 300 µb, implying that more than 10 11 bb pairs are produced per fb −1 . The cc cross-section is about 20 times larger than the bb cross-section, giving LHCb great potential in charm physics studies as well.
This article focusses on some important physics results presented at the HCP Symposium 2012, which are related to three areas of research carried out by the LHCb collaboration: CP violation measurements, rare decays and charm physics. In Section 2 a measurement of the CKM unitary triangle phase γ at tree level is presented, Section 3 summarizes searches of some rare decays to muonic final states, and Section 4 reports about the measurement of D 0 -D 0 mixing.
Measuring the CP-violating phase γ
CP violation phenomena in the Standard Model (SM) are the result of a single phase in the CKM quark-mixing matrix [2, 3] . The unitarity condition formed from the CKM matrix elements, V ud V * ub + V cd V * cb + V td V * tb = 0, describes a triangle in the complex plane. The least-well determined observable, the phase γ = arg −V ud V * ub /V cd V * cb is of particular interest as γ 0 can produce direct CP violation in tree-level decays. To date, most direct information on γ is derived from the B factory and Tevatron measurements. a e-mail: Burkhard.Schmidt@cern.ch These results must be combined though to form final conclusions. The direct determination of γ via fits to the experimental data gives (66 ± 12)
• [4] or (76 ± 10) [6, 7] , but can be extended to other decays, e.g. D → π − K + , known as "ADS" modes in reference to the authors [8, 9] .
Self CP-conjugate three-body decays may also be used, such as K
. The strategy relies on comparing the distribution of events in the
± → DK ± decays. However, in order to determine γ it is necessary to know how the strong phase of the D decay varies over the Dalitz plot. While one approach is to use an amplitude model fitted on flavour-tagged
decays to provide this input [11] [12] [13] [14] [15] [16] , a novel approach is to make use of direct measurements of the strong phase behaviour in bins of the Dalitz plot, which may be obtained from quantum-correlated DD pairs from ψ(3770) decays, thereby avoiding the need to assign a model-related systematic uncertainty. These ψ(3770) decays are available from CLEO-c [17] . A first model-independent analysis was recently presented by Belle [18] using
2-body D 0 decays
The amplitude of the decay B + → DK + can be written as the superposition of the B
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Here A is the D 0 decay amplitude, and and A the D 0 amplitude. The parameter r B , the ratio of the magnitudes of the B [19] , and δ B is the strong phase difference between them. The equivalent expression for the charge-conjugated decay B − → DK − is obtained by making the substitutions γ → −γ and A ↔ A. The CKM phase γ can be measured from the observed rates of the possible B → DK decays.
We studied B ± decays in the CP modes, [
where h indicates either a π or a K. B − → Dπ − decays have lesser sensitivity to γ, but provide a high-statistics control sample from which probability density functions (PDFs) are shaped. In total 13 observables are measured: three ratios of partial widths
where f represents KK, ππ and the favoured Kπ mode, six CP asymmetries
and four charge-separated partial widths of the ADS mode relative to the favoured mode
From the 1 fb −1 of data collected in 2011 an analysis has been performed to measure these observables. The following quantities can be deduced from them:
The correlations between systematic uncertainties have been taken into account in the combination and angled brackets indicate weighted averages. From these measurements, we observe direct CP violation in B ± → DK ± decays with a total significance of 5.8σ. Further details on this analysis can be found in Ref. [20] . These results contain dependence on the weak phase γ and form an important contribution to the measurement of this parameter, as outlined in Section 2.4.
3-body D 0 decays
The amplitude of the decay 
where h B ± are normalisation factors which can, in principle, be different for B + and B − due to the production asymmetries, and K i is the number of events in bin i of the decay of a flavour tagged
The sensitivity to γ enters through the Cartesian parameters
The CLEO-c study segments the K 
plot is used to determine the CP-violating parameters x ± , y ± and h B ± . An uncertainty is assigned that is related to the precision of the c i and s i measurements. When interpreting these results in terms of the underlying physics parameters it is found that r B = 0.07 ± 0.04, γ = (44 +43 −38 )
• and δ B = (137
• . These values are consistent with the world average of results from previous measurements [21] , although the uncertainties on γ and δ B are large. This is partly driven by the relatively low central value that is obtained for the parameter r B . Further details are provided in Ref. [22] .
4-body D 0 decays
ADS observables similar to those discussed in Section 2.1 have been measured at LHCb using B ± → Dh ± decays, where the D meson is reconstructed in the four-body final state
From these measurements the following quantities can be deduced:
We observed for the first time the suppressed ADS modes
± with a significance of 5.1σ and > 10σ, respectively. Details are discussed in Ref. [23] .
Combination of B
± → Dh
± analyses
The results presented in the previous sections have been used to perform a combined measurement for the CKM phase γ. Information about strong phase differences in [24] and evidence for a difference of the CP asymmetries in D → KK and D → ππ decays [25] [26] [27] [28] [29] is also used. For more information see Ref. [30] .
From the previously discussed B ± → D K results, we find an unambiguous best-fit value in [0, 180]
• of γ = (71.1
using a frequentist statistical procedure. The result suggests very good prospects for a measurement based on the full dataset. Additional γ-sensitive measurements will also be included in the future. With the data currently available on tape, LHCb should be able to reduce the error quoted above by at least a factor of two.
Search for rare B decays
Rare heavy flavour decays provide stringent tests of the Standard Model of particle physics and allow to test for possible new physics scenarios. LHCb is the ideal place for these searches as it has recorded the worlds largest sample of beauty hadrons. 
, and the combinatorial background (blue medium dashed).
Rare processes that proceed via Flavor Changing Neutral Currents (FCNC) are forbidden at tree level in the SM. They can proceed via loop level electroweak (Z 0 ,γ) penguin or box diagrams. In extensions to the SM, new virtual particles can enter at loop level, modifying the amplitude of the process or the Lorentz structure of the decay vertex. Possible deviations from the SM predictions on branching fractions, angular distributions and asymmetries could lead to the discovery of physics beyond the SM.
Searches for B
The branching fraction of the decays B The dimuon invariant mass of the candidates with a signal-like BDT response is shown in Fig. 1 . We observe an excess of B 0 S → µ + µ − candidates with respect to the background expectation. The probability that the background could produce such an excess is 5.3 × 10 −4 , corresponding to a signal significance of 3.5σ and therefore providing first evidence for the B 0 S → µ + µ − decay. A maximum-likelihood fit gives a branching fraction of
, where the statistical uncertainty is 95 % of the total uncertainty. This result is clearly in agreement with the Standard Model expectation. The observed number of B 0 → µ + µ − candidates is consistent with the background expectation, giving an upper limit of B(B 0 → µ + µ − ) < 9.4 × 10 −10 at 95 % confidence level.
Isospin asymmetry in
The FCNC decays B → K ( * ) µ + µ − are forbidden at tree level in the SM and must proceed via loop or box diagrams. Predictions for the branching fractions of these decays suffer from relatively large uncertainties due to form factor estimates. However, theoretically clean observables can be constructed from ratios or asymmetries where the leading form factor uncertainties cancel. The CP averaged isospin asymmetry (A I ) is such an observable. It is defined as
where B(B → f ) is the branching fraction of the B → f decay and τ 0 /τ + is the ratio of the lifetimes of the B 0 and B + mesons. For B → K * µ + µ − , the SM prediction for A I is around −1% in the di-muon mass squared (q 2 ) region below the J/ψ resonance, apart from the very low q 2 region where it rises to O(10%) as q 2 approaches zero [35] . The isospin asymmetries are determined by measuring the differential branching fractions of
In the 2011 data sample of 1 fb −1 LHCb has been able to select about 60
reporting an observation at 5.7σ for this decay [36] , and about 80
decays, which are comparable in size to the samples available for these modes in the full data sets of the B-factories.
The isospin asymmetries as a function of q 2 for B → Kµ + µ − and B → K * µ + µ − are shown in Fig. 2 . The two q 2 bins below 4.3 GeV/c 2 and the highest bin above 16 GeV/c 2 have the most negative isospin asymmetry in the B → Kµ + µ − channel. These q 2 regions are furthest from the charmonium regions and are therefore cleanly predicted theoretically. This asymmetry is dominated by a deficit in the observed B 0 → K 0 µ + µ − signal. Ignoring the small correlation of errors between each q 2 bin, the significance of the deviation from zero integrated across q 2 is calculated to be 4.4 σ. The B → K * µ + µ − case agrees with the SM prediction of almost zero isospin asymmetry [35] . All results agree with previous measurements [37 -39] . [42] systems, all with rates in agreement with SM expectations. Evidence of D 0 − D 0 oscillations has been reported by three experiments using different D 0 decay channels [43] [44] [45] [46] [47] . However, only the combination of these measurements provided so far confirmation of D 0 − D 0 oscillations, also referred to as charm mixing, with more than 5σ significance [29] .
The search for D 0 −D 0 oscillations has been performed by studying the time-dependent ratio of
In the following this measurement is summarized, using 1.0 fb −1 of integrated luminosity recorded by the LHCb experiment in 2011. Details about the analysis can be found in Ref. [48] . The D 0 flavour at production time is determined using the charge of the soft (low-momentum) pion, π 
with the projection of the mixing allowed (solid line) and no-mixing (dashed line) fits overlaid. by the favored D 0 → K + π − decay. In the limit of small mixing, and assuming negligible CP violation, the timedependent ratio, R, of WS to RS decay rates is approximated by
where t/τ is the decay time expressed in units of the average D 0 lifetime τ, R D is the ratio of DCS to CF decay rates, x ′ = x cos δ + y sin δ, y ′ = y cos δ − x sin δ, and δ is the strong phase difference between the DCS and CF amplitudes.
We reconstruct approximately 3.6 × 10 4 WS and 8.4 × 10 6 RS decays. To determine the time-dependent WS/RS ratio the data are divided into thirteen D 0 decay time bins, chosen to have a similar number of candidates in each bin.
The fit to the decay-time evolution of the WS/RS ratio is shown in Fig. 3 (solid line) , with the values and uncertainties of the parameters R D , y ′ and x ′2 listed in Table 1 . The value of x ′2 is found to be negative, but consistent with zero. As the dominant systematic uncertainties are treated within the fit procedure (all other systematic effects are negligible), the quoted errors account for systematic as well as statistical uncertainties. When the systematic biases are not included in the fit, the estimated uncertainties on R D , y ′ and x ′2 become respectively 6%, 10% and 11%
[%] smaller, showing that the quoted uncertainties are dominated by their statistical component. To evaluate the significance of this mixing result we determine the change in the fit χ 2 when the data are described under the assumption of the no-mixing hypothesis (dashed line in Fig. 3 ). Under the assumption that the χ 2 difference, ∆χ 2 , follows a χ 2 distribution for two degrees of freedom, ∆χ 2 = 88.6 corresponds to a p-value of 5.7 × 10 −20 , which excludes the no-mixing hypothesis at 9.1 standard deviations. This is illustrated in Fig. 4 where the 1σ, 3σ and 5σ confidence regions for x ′2 and y ′ are shown. The measured values of the mixing parameters are compatible with and have substantially better precision than those from previous measurements [43, 45, 49] .
Conclusion
LHCb performed a first measurement of the weak phase γ from decays at tree level, using 1.0 fb −1 of data collected in 2011. The obtained result of γ = (71.1
• is already of comparable precision as the world average based on data from the B-factories and the Tevatron.
The search for the rare decay B During the 2012 run at √ s = 8 TeV, 2.1 fb −1 of data were collected, which will allow LHCb to increase the precision on the results presented here and to pursue the search for physics beyond the Standard Model.
